• Esophageal manometry has allowed the depiction of achalasia as 3 different subtypes. So far, multidetector computed tomography has not been used as a standard imaging method in preoperative evaluation of patients with achalasia, but this study revealed that it could be a useful tool in the differentiation of achalasia subtypes, and the detection of lung and extra-esophageal thoracic complications.
Introduction
Achalasia is a primary esophageal motility disorder of the unknown origin characterized by the absence of esophageal peristalsis and impaired relaxation of the lower esophageal sphincter (LES), clinically presenting as dysphagia and regurgitation. The technical progress in functional esophageal diagnostics in the last 2 decades has significantly improved our understanding of the underlying mechanisms, as well as its diagnosis and treatment [1] .
The initial diagnostic step when achalasia is suspected in patients with dysphagia is usually barium esophagography, assessing the degree of esophageal dilatation, axis of the esophagus, esophageal emptying, opening of the LES and the probable presence of the associated epiphrenic diverticulum [2] . Upper gastrointestinal endoscopy may be inconclusive in patients with achalasia. Esophageal manometry has been a gold standard for diagnosis of achalasia, demonstrating the main features of the disease in the form of failure of peristalsis and impaired relaxation of LES [3] . The advent of high-resolution esophageal manometry has allowed further depiction of achalasia in 3 different subtypes, differentiated by abnormalities in contractile and pressurization patterns of the esophageal body (EB) [4] . Nevertheless, subsequent studies have shown that these forms of achalasia can also be revealed on the basis of conventional manometry (CM) esophageal [5] . Today, the foremost importance of classification of achalasia in 3 different subtypes is in the rational choice of best initial therapeutic approach and prediction of the treatment outcome [6] . The advent of highly specific functional diagnostics such as high-resolution esophageal manometry has brought important new perspectives into the understanding and management of achalasia, although some radiological confusion including multidetector computed tomography (MDCT) patterns still persists [6] [7] [8] . Contemporary understanding of achalasia defines it as a heterogeneous disease that can be categorized into 3 distinct subtypes based on manometric findings principally depending on esophageal pressurization [4] [5] [6] [7] [8] . Based on previous investigations, the most common form of achalasia is subtype II [9] [10] [11] . To date, most of the studies have shown that patients with achalasia subtype II have the best treatment outcomes, whereas those with subtype I and especially subtype III have less favorable outcomes [4] [5] [6] [7] .
Even though the prevalence of pulmonary complications caused by chronic (micro) aspiration in patients with achalasia is high, reaching the incidence of > 50%, in most instances the only diagnostic tool used is the plain chest X-ray, with a very low sensitivity and specificity [12] . In contrast, correct detection of pulmonary complications can be of outmost importance in the proper preoperative workup and ultimate treatment of patients with achalasia [13] . So far, MDCT has not been used as a standard imaging method in preoperative evaluation of patients with achalasia [14] . Today, the most common indication for MDCT in patients with achalasia is differentiating the primary form from submucosal infiltration of the distal esophagus and esophagogastric junction (EGJ), mainly caused by neoplasms, which is commonly referred to as pseudoachalasia [14] [15] [16] .
With the increasing use of MDCT in everyday clinical practice, it is becoming apparent that this imaging test may have a significant role in the accurate evaluation of patients with achalasia [12, 13, [17] [18] [19] [20] [21] [22] . To our knowledge, no comprehensive study has analyzed the significance of MDCT in the differential diagnosis of achalasia subtypes and on their impact on pulmonary complications. The purpose of our study was to evaluate MDCT findings and assess the utility of MDCT in the differentiation of achalasia subtypes by assessing esophageal wall morphology, with special emphasis on extraesophageal lung and thoracic complications.
Subjects and Methods
The study population consisted of 51 consecutive, previously untreated patients who were diagnosed with achalasia by manometry. It was designed as a single-institution-based clinical retrospective study and was a part of larger prospective study on the prediction of early and late success of surgery in 3 subtypes of achalasia by using different radiologic methods. This study was approved by the Hospital Board and Ethics Committee, and written informed consent was obtained from all subjects before enrollment. Based on the incidence and prevalence of achalasia from the current literature and 95% CI, the minimum number of patients to be studied is reported to be 35 [8, 23, 24 ]. An inclusion criterion was achalasia diagnosed by CM, while exclusion criteria were related to the presence of pseudoachalasia caused by neoplasm at the level of the EGJ. Fifty-two patients were included, and one excluded due to co-existing EGJ neoplasm. All patients underwent surgical laparoscopic Heller myotomy in our Clinic between October 2015 and December 2016.
Based on CM findings, achalasia was divided into 3 subtypes according to the following criteria [4] [5] [6] In preoperative workup, after the CM, the plain chest X-ray and MDCT examination of the thorax and abdomen were done in every patient. The indication for MDCT examination was dysphagia.
MDCT examinations were done at least 2 days after the manometry by using a 64-detector scanner (Aquilion CXL, Toshiba; in helical-mode, 0.5 mm section thickness, 120 kV, 120-750 mAs in tube current modulation mode, 0.5 s rotation time, 26.5 mm/s table speed, 32-cm scan field of view). The MDCT images were reconstructed in axial, sagittal, and coronal planes, with reconstructed slice thickness of 1 mm. The soft tissue and lung tissue algorithm were used for the analysis. Oral (150 mL of clear water) and intravenous contrast agents were given, and CT scanning was performed in a single portal venous contrast-enhanced phase. A standard dose of 80 mL iopromide (Ultravist 370, Bayer-Schering, Leverkusen, Germany) was employed for intravenous administration of contrast media.
Plain chest X-rays and MDCT exams were analyzed by 2 general radiologists (S.J. and A.D.-S. with 4-and 18-year experience in abdominal and general radiology), through consensus. Readers were blinded for CM findings of achalasia subtype.
Plain chest X-rays were analyzed to detect decreased transparency of lung parenchyma, consolidation, or lung collapse.
In the MDCT examination, the esophageal wall thickness was measured in the widest part of mid-thoracic esophagus, at the level of carina EB, and 3 cm above the cardia (distal esophageal segment, DES) in the axial plane, using electronic caliper ( Fig. 1a-f ). MDCT morphology of DES wall thickening was divided into 2 patterns: smooth and nodular/lobulated, which was analyzed in the axial plane (Fig. 1a-c) . Esophageal dilatation was measured as maximal anterior-posterior (AP) diameter of the EB (Fig. 1g-i ). Measurements of both readers were compared in order to assess the inter-observer agreement, and mean values from measurements by both readers' were obtained and statistically analyzed.
In the evaluation of lung parenchyma, MDCT images were analyzed to determine the existence of ill-defined opacities (ground-glass, tree-in-bud), presence and distribution of consolidation, and lung collapse (Table 1 ; Fig. 2a-c) . In addition, the extra-esophageal thoracic manifestations of achalasia (compression of trachea or carina and compression of left atrium) were visually searched (Fig. 2d-f ) [19] [20] [21] [22] .
Statistical Analysis
The Shapiro-Wilk test was used for the assessment of normal statistical data distribution. Descriptive statistical methods used were the measures of the central tendency (arithmetic mean ± SD or median). For assessing the inter-observer agreement between the measurements of 2 readers, the intra-class correlation coefficients were calculated. Kruskal-Wallis, Mann-Whitney and Wilcoxon signed rank test were used for assessing the differences among achalasia subtypes. Kappa test (K) was used to assess the agreement between the plain chest radiography and MDCT in detectability of lung parenchyma pathological changes. Statistical data analysis was performed using the IBM SPSS Statistics 22.0 software (IBM Corporation, Armonk, NY, USA).
Results

Study Population
Study group consisted of 51 patients, out of whom 31 were females, with the mean age of 53.7 ± 16.5 years (range ). An average preoperative duration of symptoms was 4.2 ± 2.1 years. In 14 patients (27.5%), achalasia subtype I was diagnosed by using the manometry, in 31 (60.8%) subtype II, and in 6 patients (11.8%) subtype III.
Esophageal Wall Morphology and Luminal Diameter
Median values of esophageal wall thickness of EB and DES, and esophageal dilatation (maximal AP diameter of EB) and differences in 3 achalasia subtypes were presented in Table 2 .
Differences of median values of the esophageal wall thickness of EB were tested by using the Mann-Whitney test and reached statistical significance between the sub- Typical MDCT appearances of achalasia subtype I, II, and III were presented in (Fig. 1a-i) .
Analysis of Pulmonary and Extra Esophageal Thoracic Manifestations
The chest X-ray examination revealed lung parenchymal pathological patterns in 9 (17.6%) patients. All of them manifested decreased transparency, which was presented as patchy, fuzzy, and less demarcated parenchymal shadings. Consolidation was present in 3, while the lung collapse was found in 1 patient (Table 1) . Decreased transparency and segmental consolidation were predominant in subtype I (11.7%), whereas the lung collapse was present in one patient in subtype II, but differences among groups were not statistically significant (Table 1) .
Using MDCT the lung parenchymal changes were noted in 21 (41.2%) patients, which is significantly more frequent than by using the plain chest X-ray in the same patients (Z = -3.464, p = 0.001). Moderate agreement was proven by using the Kappa test between the plain chest radiography and MDCT examination in detecting the lung parenchymal pathological changes (K = 0.469, p < 0.001). In summary, 12 patients in the whole study group (23.5%) had false negative findings in the plain chest radiography, since lung parenchyma changes were detected in their CT examinations, while in the remaining 9 patients (17.6%) with visible lung parenchyma pathological changes in the plain chest radiography, those findings were confirmed by CT (Table 1) . Lung manifestations were detected in MDCT examinations of 11 patients (78.6%) who had achalasia subtype I, in 10 (47.6%) with the subtype II, and no one with the subtype III (p = 0.001). The ground-glass opacities were dominant patterns seen in 18 patients, tree-in-bud in 4, segmental consolidation in 2, and lobar consolidation in 1 patient. Ground-glass opacities and tree-in-bud were principal findings in subtype I (64.3%) and subtype II (29%; Table 1 ).
Extra esophageal thoracic manifestations of achalasia such as compression of trachea and/or carina by dilated esophagus were detected in 27 patients (52.9%), while compression of the left atrium was noted in 18 patients (35.3%), predominantly in type I (Table 1 ; Fig. 2d-f) .
Inter-Observer Agreement of Measurements
Intra-class correlation coefficients between the measurements of 2 readers of EB and DES wall thickness, and diameter of EB were 0.829, 0.901, and 0.922, respectively, which had shown excellent inter-observer agreement (p < 0.001).
Discussion
Similar distribution of frequencies of 3 subtypes of achalasia as in our patient cohort was reported in other published series [9] [10] [11] [12] 25] . Spastic achalasia, which revealed poor treatment success, was the rarest subtype comprised of only 6 patients in our patient-group, which is in agreement with the findings of other studies from different countries [9] [10] [11] 25] .
Regardless of the degree of luminal distention, it was reported that normal esophageal wall thickness had ranged between 2 and 5 mm, as described by Xia et al. [26] , who observed different values of esophageal wall thickness depending on esophageal dilatation or contraction. The first published study on MDCT evaluation of patients with achalasia concluded that wall thickening was atypical with moderate mean luminal dilatation of 43.5 mm at the level of carina [21] . To our knowledge, in the current literature, there is no study indicating the exact values of the wall thickening in patients with esophageal motility disorders [26] , except for the investigation of Goldberg et al. [27] , which included a small number of patients with esophageal spasm. Our investigation revealed that the majority of patients with achalasia had thickened esophageal wall in the distal segment; in addition, the patients with subtype III of achalasia had significantly higher median value of esophageal wall thickness of the EB compared to other 2 subtypes. Moreover, the esophageal wall thickness of both EB and DES was found to gradually increase from subtype I to subtype III, which could have further implications on role of MDCT in differentiating achalasia subtypes. Our data are in concordance with Mittal et al. [28] who showed that muscle thickness in patients with achalasia was largest in subtype III, while the subtype II had thicker muscle layer than subtype I by evaluating the ultrasonographic cross-sectional area and wall thickness of the esophageal muscle by using the endoscopic esophageal ultrasonography. The differences in wall thickness could be accurately assessed only on the basis of whether the luminal dilatation had been similar for the 3 subgroups. Accordingly, lesser dilatation of subtype III could influence the differences in wall thickness measured in the MDCT scans, higher for spastic achalasia than the others. Given that we measured the thickest esophageal wall in patients with the subtype III and that these patients had the highest intraluminal pressure confirmed by CM, a similar degree of dilatation between this and other 2 subtypes could not be expected. One potential explanation could be that the augmented EB contractility in patients with spastic achalasia was associated with an increase in the circular and longitudinal muscle thickness, as well as in axial shortening of the esophagus [29] . Previous studies revealed that esophageal wall thickness > 10 mm had been indicated by the neoplasm, while mild and symmetric distal esophageal wall thickening suggested the diagnosis of achalasia [15] . Furthermore, the increased wall thickness over 5 mm with nodular and/ or lobulated asymmetric pattern of the DES was believed to be highly suggestive of pseudoachalasia [16] . Our study documented a high incidence of nodular and/or lobulated, asymmetrically narrowed segment of the distal esophageal wall, with its predominant appearance in subtype III. This appearance could be explained by spastic contractions of the esophagus in subtype III recorded by MDCT examination. Therefore, our findings indicate that a nodular and/or lobulated pattern and thickened esophageal wall might not be always the sign of neoplasm and should be analyzed with regard to achalasia subtype.
Marked esophageal dilatation was commonly seen in patients with achalasia subtype I and II, combined with various amounts of liquid and food residue. In our study, the widest median diameter of 45 mm was noted in patients with achalasia subtype I, which is in accordance with the previous studies, confirming that their esophageal width was larger than in other subtypes [5, 25] . The lowest median esophageal diameter was observed in patients with the subtype III of achalasia, probably due to non-progressive EB pressurization, limiting the further widening of the lumen [25] .
Although earlier reports indicated that patients with achalasia experienced respiratory symptoms in about 10% of cases, in recent studies their prevalence has been observed in over 40% of cases [7, 17] . Makharia et al. [17] even showed that 53% of achalasia patients had various degrees of structural or functional lung abnormalities, while our study reported 41.2% of patients with structural lung pathological findings found on MDCT. The mechanisms of lung involvement in achalasia patients include extrinsic compression of the tracheobronchial tree by the dilated esophagus as well as repeated micro aspirations. It has also been noted that the incidence of the structural lung abnormalities is increasing with the enlargement of esophageal width [18, 19] , which is in agreement with our results.
In general, chest X-ray as a basic imaging method in preoperative assessment of patients with achalasia has a very low sensitivity and specificity for pulmonary changes, which was documented in our study; only 17.6% of patients were presented with lung parenchymal changes detected on chest X-ray in comparison to 41.2% detected by MDCT. MDCT recognized lung abnormalities mostly as patchy unilateral or bilateral ground-glass opacities of the increased attenuation with a tree-in-bud appearance, centrilobular nodules, and poorly marginated acinar areas of the increased attenuation [17] . The most common pulmonary pattern seen by MDCT in our study population was ground-glass opacities, probably as a sign of interstitial pneumonitis, which developed after the acute phase of aspiration [23] . This finding was most common in achalasia subtype I (64.3%) and significantly less in subtype II (29%). The second most common pulmonary MDCT finding in our study was tree-in-bud, implicating luminal impaction within bronchioles that is, aspiration bronchiolitis [22] , also mainly manifested in subtype I (21.4%). Lung consolidations (segmental or lobar) were most common in achalasia subtype I, and observed in 10% of these patients. In achalasia patients, these findings most often implicate pneumonia and demand specific preoperative therapeutic workup. Contrary to these findings, patients with subtype III did not have any visible changes in lung parenchyma.
Even though the compression of the respiratory tract and consecutive segmental atelectasis may remain asymptomatic, a significant number of patients with achalasia has marked compression of the airways and heart. Esophageal dilatation can lead to tracheal compression, and in some conditions even respiratory distress, while compression of the left atrium, usually provoking mild chest discomfort, may result in hemodynamic instability [19, 20] . In our study, tracheal compression at the level of carina was seen in 52.9% and in the left atrium in 35.3% of all patients. Both entities were most commonly seen in achalasia subtype I, which was an expected outcome due to the largest esophageal diameter within this subgroup of patients. Although no left atrial compression was noted in patients with subtype III, the compression of the carina due to dilated and diffusely thickened esophagus was seen in 50% of cases.
The current study has several limitations. First, patients with achalasia are often unable to drink a sufficient amount of clear water before the MDCT examination. This could result in insufficient luminal distension and inadequate evaluation of the esophageal wall thickness. Second, our study group included only 6 patients with achalasia subtype III, which might diminish the power of statistical conclusions. Further investigation is needed for evaluating our DOI: 10.1159/000501057 findings of the characteristic MDCT presentation of this subtype of achalasia. Another limitation was the lack of analysis of inter-observer agreement by using the kappa score to assess lung changes on X-ray and MDCT scans.
Conclusion
Chest X-ray has failed to provide sufficient data about lung parenchymal involvement and tracheal and/or cardiac compression in patients with achalasia, warranting the role of MDCT as useful clinical and diagnostic tool.
This may be of utmost importance in patients with achalasia subtype I, in whom significant involvement of lung comorbidities has been shown. The recognition of these changes would facilitate proper preoperative workup and initial clinical management. According to presented results, which need further external validation on larger sample sites, it can be concluded that MDCT could be an additional valuable imaging modality in differentiating the 3 subtypes of achalasia according to wall thickness, luminal dilatation, and esophageal morphology, with the emphasis on its advantage in detecting pulmonary and extra esophageal thoracic complications.
